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(57) Abstract 

A four stroke reciprocating piston type internal combustion 
engine in which an expansion ratio in each cylinder is greater than 
the compression ratio of the cylinder. This may be created by closing 
an intake valve or valves (2) of each cylinder while a piston (1) of 
said cylinder has travelled only part of its induction stroke, or by 
providing a variable restriction in the inlet system varying inversely 
with engine speed. In the case where closure of the intake valve 
or valves (2) is effected before the induction stroke is. completed, 
the point of closure during the engine cycle is shifted from before 
completion of the induction stroke at lower engine speeds to after 
completion of the induction stroke at higher engine speeds. 
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A RESTRICTED INDUCTION RECIPROCATING PISTON TYPE INTERNAL 
COMBUSTION ENGINE 

This invention relates to a four stroke reciprocating 
piston type internal combustion engine which provides for 
differential displacement by providing for an expansion 
volume that is greater than its compression volume. 

An object of the invention is to provide in a 
reciprocating piston type internal combustion engine an 
expansion ratio that is greater than its compression ratio so 
that it is more efficient in operation. 

According to a broadest aspect of the invention there is 
provided a reciprocating piston type internal combustion 
engine in which an expansion ratio in each cylinder is 
greater than the compression ratio of the cylinder. 

According to one aspect of the invention a reciprocating 
piston type internal combustion engine is adapted to operate 
so as to close an intake valve or valves of each cylinder 
while a piston of said cylinder has travelled only part of 
its induction stroke. 

This closing of the intake valve(s) reduces the density 
of the intake charge in the cylinder to below that of 
atmospheric air pressure outside the cylinder as each piston 
travels through the full length of its stroke. This also 
reduces the density of the intake charge in the cylinder to 
below that of the intake charge immediately outside the 
cylinder when the inlet valve (s) closes. 
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After each piston has travelled part way on what would 
normally be the start of a compression stroke for a conven- 
tional four cycle engine , that is the first return movement 
of the piston after it has travelled its full stroke length 
to effect intake charge induction and while the piston has 
only moved through a fraction of its return movement or 
stroke following the end of its induction stroke and which 
returning to a similar position to that for which the inlet 
valve or valves closed during induction, the intake charge 
inside the cylinder would resume or be closer to the density 
of the atmospheric air outside the cylinder and the piston 
would begin its effective compression stroke to take 
pressures above atmospheric pressure. It is important that 
compression pressures are as high as possible before 
ignition. This provides for a compressed volume with a 
greater pressure differential from the expanded volume for 
each cylinder thereby providing for greater efficiency of 
operation. 

The invention also provides in accordance with a third 
aspect a means for purging exhaust gases from a cylinder of 
an internal combustion engine by adjusting valve timing of 
the engine to increase the overlap where both inlet and 
exhaust valve(s) are open. 

The overlap can be created by manufacturing a cam shaft 
which substantially opens an inlet valve or valves up to 50° 
before piston top dead centre and holds open exhaust valves 
or valves until up to 50° after top dead centre. 
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The valve (s) particularly the inlet valve(s) can be 
electronically controlled and actuated by solenoids or other 
electromagnetic devices thus easily taking advantage of vari- 
able valve timing for the benefit of this invention. 

As engine speed reduces during operation a variable 
restriction can be used to reduce the volume of air entering 
each cylinder thereby reducing the chance of detonation. 
This variable restriction can be in the air inlet system and 
would be independent of any other throttling device, It 
would be open for high speed operation. 

The expression "intake charge" means different things 
depending on whether the engine is a petrol /gas engine where 
the intake charge is a fuel/air mixture or a diesel engine 
where the intake charge is air only. 

According to another aspect of the invention a 
reciprocating piston type internal combustion engine has an 
expansion ratio in each cylinder greater than the compression 
ratio caused by providing a restriction in an air inlet 
system of the engine. 

The electronic ignition or fuel injection timing can be 
delayed for low speed operation so as to prevent detonation 
but could be advanced for high speed operation. The amount 
of fuel entering each cylinder can be reduced for low speed 
operation so as to prevent detonation and increased for high 
speed operation. A governing device can control this 
operation. 
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The engine can be constructed as is known in the art but 
the intake valve or valves of each cylinder is (are) arranged 
to have an abbreviated action that only occurs during part of 
the induction stroke . The intake valve or valves' action 
during induction is smaller in duration and opening than the 
action of regular intake valve movement of four cycle 
engines. The valves of this engine can be retained by valve 
springs or other mechanisms of sufficient strength to keep 
the valve(s) seated during the piston movement that takes 
cylinder pressures below atmospheric pressure. 

Further aspects of the invention which should be 
considered in all its novel aspects will become apparent from 
the following descriptions which are given by way of example 
only. 

Examples of the invention will become apparent from the 
following descriptions with reference to the accompanying 
drawings in which: 

Figure 1 shows diagrammatically and in sequence movement 
of a piston and valves of an engine incorporating the present 
invention; 

Figures 2(a) & (b) shows diagrammatically an engine 
incorporating a blower or turbo effect; 

Figure 3 shows diagrammatically a cylinder head and bore 
fitted with a fuel injector; 

Figure 4 shows another construction where intake air is 
restricted to reduce inducted air/ fuel mixture to an engine; 
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Figure 5 shows a vertical section through a preferred 
example of engine incorporating the present invention; 

Figure 6 shows a vertical section through a cylinder 
head for a direct injection diesel powered engine showing a 
preferred shape of piston crown; 

Figure 7 shows diagrammatically valve timing opening and 
closing in accordance with the third aspect of the invention; 
and 

Figure 8 shows diagrammatically an engine incorporating 
in series a turbbcharger and supercharger which offers 
improved engine performance. 

In the following examples similar parts are indicated 
where possible by similar numerals. 

Figure 1 shows the cycle of events where in the drawing 
marked A the piston 1 is moving down on its intake stroke. 
In B the intake valve 2 is closed and the piston 1 is still 
moving down. In C the piston 1 is in a similar position to B 
but is moving up on its compression stroke. It is at the 
point where the cylinder pressures are close to the 
atmospheric air outside the cylinder. The fuel is either 
injected arrow 3 in D or slightly before. Alternatively the 
fuel could be carried in with the intake air from a 
carburettor or injection system that is external to the 
cylinder. In D the fuel is ignited either by pressure or 
spark ignition. In E the piston is travelling down on its 
power stroke. In F the exhaust stroke has begun and the 
exhaust valve 4 is open. 
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The effective compression volume is shown G and the 
effective expansion volume is shown H. Although H is about 
thirty- three percent greater than 6 in Figure 1, the 
difference could be greater or smaller than indicated. 

As an alternative arrangement the inlet valve(s) of this 
engine could be operated independently from a camshaft (not 
shown) as it would be possible for the induction depression 
in the cylinder to provide sufficient opening of the inlet 
valve 2 if the retaining spring attached to the inlet valve 
or valves was of sufficiently light strength though still 
strong enough to restrict the induction into the cylinder. 

As a further alternative an air compressor or turbo 
charger could be used to keep the intake charge density up to 
the desired level as the engine speed rises . The compressor 
or blower would either be powered by exhaust gas energy or it 
would be mechanically driven by the engine. It would also 
possibly be arranged to operate when the induction volume 
fell below the desired level for this engine. 

Figure 2 shows a blower or turbocharger arrangement. 
Optional intake charge coolers are shown at X and X while the 
flow arrows indicate air flow. 

An example of combustion chamber 5 design is shown in 
Figure 3 and is applicable to a direct injection engine. 
Insulation is shown at Y and Y and a fire ring is shown at Z 
and Z. 

With this combustion chamber 5 the fuel can hit the 
slopes 6 radiating out on top of the piston 1 and can be 
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deflected up to the fire ring Z where a ridged surface (not 
shown) on the fire ring 2 will arrest the fuel. The recess- 
ing of the fire ring Z to a diameter that is greater than the 
cylinder bore means that fuel can be deflected back into the 
combustion chamber 5 rather than being left to run down the 
cylinder walls 7. The purpose of the insulation material Y, 
which could be a thick gasket, is to retain heat in cylinder 
head 8 so as to promote good combustion and fast warm up. 
The engine could be liquid or air cooled. In Figure 3 the 
fuel injector is shown at 9 and fuel flow arrows are shown at 
the bottom 10 of injector 9. 

An advantage of this invention is that it has high 
thermal efficiency so that the maximum amount of fuel can be 
converted to work and environmental pollution will be low. 
It is to be appreciated that this invention can be 
interpreted in many ways and is not limited to the comments 
and illustration shown here. 

Figure 4 shows another version where the intake air or 
fuel-air mixture has a variable restriction at 11 to keep the 
intake pressure low in accordance with this invention to 
engine 12 which is shown diagrammatically . This restriction 
allows more flow as engine speed rises and would reduce flow 
at lower engine speeds. The engine compression ratio would 
be high so as to compensate for the restriction and to 
provide the engine with good pressure differential. In 
Figure 4 the restriction at 11 could be between a carburettor 
and the inlet valve(s) or between a fuel injection system and 
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inlet valve(s) or in front of these items. It could also be 
in an air inlet system for a diesel engine. 

Another option for this invention is to allow for 
variable valve timing such as delaying the closure of the 
inlet valve or valves to compensate for reduced volumetric 
efficiency as engine speeds rise and/or to aid starting at 
low cranking speeds . This could be achieved by retarding the 
inlet valve cam lobes as engine speeds rise and/or also at 
low cranking speeds. 

In Figure 7 is shown diagrammatically the positions, 
relative to top dead centre (TDC) and bottom dead centre 
(BBC) of crankshaft rotation, at which inlet and exhaust 
valve(s) are opened and closed. By increasing the degree of 
overlap at which both the inlet and exhaust valves are open a 
better flow of inlet or exhaust charge can be obtained. This 
has been verified by the applicant in trials to both improve 
efficiency and reduce exhaust emissions in a diesel type 
engine . 

The points identified as "maximum lift" are the points 
at which lobes on the cam shaft hold the respective valve(s) 
fully open. This diagram can be used as a basis for the 
construction of a cam shaft. The provision of greater 
overlap ensures a better purging effect during the exhaust 
cycle, when used with a free flowing exhaust system. 

Therefore according to this invention an engine would 
operate on the smallest practical amount of air and combine 
it with the smallest practical amount of fuel. The engine 
compresses the mixture to the highest practical level before 
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ignition and it expands to the lowest practical level before 
exhausting the burnt gasses from the engine* 

In Figure 5 the piston 1 is shown travelling down its 
intake stroke and has completed 60%-70% of its travel. It is 
at a point where the inlet valve 2 has just closed as a cam 
lobe 12 has immediately rotated off a cam follower 13. This 
means the inlet valve 2 closes before the piston 1 reaches 
the end of its induction stroke. The cam timing is designed 
to facilitate this. The exhaust valve 4 to exhaust system 14 
at this point has no action and remains closed. As the 
piston 1 travels on down to complete the full length of its 
stroke , it will increase the volume of the intake charge but 
no more mass will be added to the intake charge as the valves 
2, 4 remain firmly shut. 

This means the density of the intake charge in the cyl- 
inder 5, will be reduced to below that of the charge air 
sitting between a turbo-charger 15 and the inlet valve 2 . 
This will aid vaporisation of the fuel air mixture if it is 
carried in with the intake air as a reduction in density 
reduces the vapour point temperature. It also means that the 
engine will have an expansion ratio that exceeds the 
compression ratio as the actual compression ratio (defined 
from the point at which the inlet valve 2 closes during 
induction) is only 60%-70% of the nominal compression ratio 
while the actual expansion ratio for the combustion gasses 
will be the reverse of the nominal compression ratio; this 
arrangement improves thermal efficiency. 
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The turbo-charger 15 as indicated is optionally fitted 
to aid cylinder 5 filling at higher engine speeds, a 
supercharger (not shown) could be used for the same practice. 
At low engine speeds when the turbo-charger 15 has no or 
little effect the density of the intake charge in the 
cylinder 5 will be reduced to below that of the atmospheric 
air outside the engine. This further advances thermal 
efficiency. 

In Figure 6 is shown a piston 1 with a shallow 
depression 16 in the piston crown. For a direct injection 
diesel engine experiments have shown improved purging of 
exhaust gases. Not shown in this drawing are valve pockets 
in the crown of the piston 1. The valve pockets are 
necessary. to ensure that in use the reciprocating piston 1 is 
clear of the partly open valves which open and close later 
than normal and might interfere with piston. 

In Figure 8 is shown a restricted induction engine with 
a turbocharger used in a series with a supercharger. The 
turbocharger/ supercharger supply the intake charge to the 
engine . 

The turbocharger 15 is driven by the exhaust gases with 
its compressor wheel 17 forcing air to the inlet of the 
supercharger 16. The supercharger 16 can be mechanically 
driven by the engine 12 via belt 19. The supercharger 16 
supplies pressurised intake charge to the cylinders. 

The advantage of the invention is that at low engine 
speed with extended valve overlap as proposed in Figure 7 , 
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the supercharger 16 more effectively resists the back blow of 
exhaust gases. As engine speed rises the turbocharger 
pressurizers the intake of the supercharger thereby reducing 
the drive load of the supercharger. 

Particular examples of the invention have been described 
and it is envisaged that improvements and modifications can 
take place without departing from the scope thereof. 
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CLAIMS ? 

1. A reciprocating piston type internal combustion engine 
in which an expansion ratio of the engine is designed to 
exceed its compression ratio by deliberately restricting the 
amount of intake charge entering each cylinder. 

2. A reciprocating piston type internal combustion engine 
in which the full load intake air or charge entering each 
cylinder is of less density than the swept volume of the 
cylinder would allow and is deliberately restricted and where 
said engine is designed to take advantage of the restricted 
intake air or charge by having a nominal compression ratio 
which is numerically high for the purpose of optimising 
thermal efficiency. 

3. A reciprocating piston type internal combustion engine 
as claimed in claim 2 in which the intake air or charge is 
deliberately restricted for the purpose of optimising fuel 
efficiency. 

4 . A reciprocating piston type internal combustion engine 
as claimed in claims 2 and 3 in which the fuel entering each 
cylinder is restricted to match the restricted air entering 
each cylinder. 
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5. A reciprocating piston type internal combustion engine 
as claimed in claims 2 and 3 in which a means of restricting 
the air or charge entering each cylinder is to close each 
intake valve before a related piston reaches the extreme of 
its travel that equals the sweep for maximum cylinder volume 
at the end of the induction stroke. 

6. A reciprocating piston type internal combustion engine 
as claimed in claims 2 and 3 in which a means of restricting 
the air or charge entering each cylinder is to use at least 
one variable restriction in the inlet system ahead of each 
inlet valve or inlet port and each variable restriction would 
be arranged so as to increase restriction to air or charge 
flow into each cylinder at low engine speed and to reduce 
restriction to air or charge flow into each cylinder at high 
engine speed. 

7. A reciprocating piston type internal combustion engine 
as claimed in claims 2, 3 and 5 in which the timing of the 
operation of some or all of the valves is variable and in 
particular with reference to the inlet valves where each 
inlet valve could be arranged to close earlier at low engine 
speeds and to close later at high engine speeds and/or very 
low cranking speeds. 

8. A reciprocating piston type internal combustion engine 
as claimed in claims 2, 3 and 5 in which the timing of the 



WO 96/01939 



PCT/NZ94/00109 



- 14 - 

operation of all or some of the valves is variable and in 
particular with reference to the inlet valves where each 
inlet valve would be arranged to close before the end of the 
piston travel during the induction stroke during low engine 
speed operation and then vary toward closing after the piston 
starts its return movement following the induction stroke 
during high engine speed operation. 

9 . A reciprocating piston type internal combustion engine 
as claimed in any one of the aforegoing claims wherein the 
numerical compression ratio is higher than that engine would 
require to use and in fact would be higher than the engine 
could safely handle if allowed to fully aspirate and where 
this numerically high compression ratio is used to compensate 
for the deliberate partial filling of each cylinder. 

10. A reciprocating piston type internal combustion engine 
as claimed in any one of the above claims wherein a 
turbocharger or super charger is used to aid cylinder 
charging at high engine speeds . 

11. A reciprocating piston type internal combustion engine 
as claimed in any one of the aforegoing claims wherein the 
principal design objective are to use the smallest practical 
amount of air and compress it to the highest practical 
pressure before ignition with the smallest practical amount 
of fuel and to expand the products of combustion down to the 
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lowest practical pressure before exhausting the charge from 
each cylinder. 

12. A reciprocating piston type internal combustion engine 
as claimed in any one of the above claims wherein the intake 
air of charge is deliberately restricted so as to prevent 
detonation during combustion, due to a high compression 
ratio. 

13. A reciprocating piston type internal combustion engine 
as claimed in any one of the above claims wherein the intake 
charge or air is deliberately restricted to prevent pre- 
ignition due to a very high compression ratio. 

14. A reciprocating piston type internal combustion engine 
as claimed in any one of the above claims wherein the intake 
charge or air is deliberately restricted to prevent the 
compression temperature from reaching an excessively high 
temperature prior to ignition, due to a high compression 
ratio . 

15. A reciprocating piston type internal combustion engine 
as claimed in any one of the above claims wherein either all 
or some of the valves are controlled by electronic devices so 
as to activate them and vary their operation timing. 
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16 . A reciprocating piston type internal combustion engine 
as claimed in claim 15 in which the electronic device is a 
solenoid fitted to assist valve closure. 

17. A reciprocating piston type internal combustion engine 
as claimed in claim 15 in which the electronic device is a 
solenoid fitted to assist valve opening. 

18. A reciprocating piston type internal combustion engine 
as claimed in claim 15 in which the electronic device is a 
solenoid fitted to assist valve opening and closing. 

19. A reciprocating piston type internal combustion engine 
with any combination of the aforegoing claims. 
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AMENDED CLAIMS 

[received by the International Bureau on 07 March 1995 (07.03.95); 
original claims 1-19 replaced by amended claims 1-22 (6 pages)] 

1. A four stroke reciprocating piston type internal 
combustion engine in which the timing of the operation of all 
or some of the valves and in particular the inlet valves is 
variable and where at least one inlet valve per cylinder is 
arranged, during low speed operation, to close before the end 
of piston travel in the cylinder during an induction stroke 
and, as engine speed increases, to vary towards closing after 
the piston starts its return movement following the induction 
stroke . 

2. A reciprocating piston type internal combustion engine 
as claimed in claim 1, in which the expansion ratio in each 
cylinder, is designed to exceed its compression ratio by the 
practice of deliberately restricting the amount of intake 
charge to each cylinder . 

3. A reciprocating piston type combustion engine as in 
claim 1 in which the full load intake air or charge entering 
each cylinder is less in density than the swept volume of the 
cylinder would allow and is deliberately restricted and were 
said engine is designed to take advantage of the restricted 
intake air or charge by having a nominal compression ratio 
which is numerically high for the purpose of optimising 
thermal efficiency ♦ 
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4. A reciprocating piston type internal combustion engine 
as claimed in claim 3 in which the intake air or charge is 
deliberately restricted for the purpose of optimising fuel 
efficiency. 

5. A reciprocating piston type internal combustion engine 
as claimed in claim 3 or claim 4 in which the fuel entering 
each cylinder is restricted to match the restricted air 
entering each cylinder. 

6. A reciprocating piston type internal combustion engine 
as claimed in claims 3 or 4 in which a means of restricting 
the air or charge entering each cylinder is to close each 
inlet valve before a related piston reaches the extreme of 
its travel that equals the sweep for maximum cylinder volume 
at the end of the induction stroke. 

7. A reciprocating piston type internal combustion engine 
in which a means of restricting the air or charge entering 
each cylinder is to use at least one variable restriction in 
an inlet system ahead of each inlet valve or inlet port and 
each variable restriction is arranged so as to increase 
restriction to air or fuel charge flow into each cylinder at 
low engine speed and vary to reduce restriction to air or 
fuel charge flow into each cylinder at high engine speed. 
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8. A reciprocating piston type internal combustion engine 
as claimed in claim 1 in which the timing of the operation of 
some or all of the valves is variable and in particular with 
reference to the inlet valves where all or some of the inlet 
valves are arranged to close earlier at low engine speeds and 
to close later at high engine speeds. 

9 . A reciprocating piston type internal combustion engine 
as claimed in any one of the aforegoing claims wherein the 
numerical compression ratio is higher than that engine would 
require to use and in fact would be higher than the engine 
could safely handle if allowed to fully aspirate and where 
this numerically high compression ratio is used to compensate 
for the deliberate partial filling of each cylinder. 

10 . A reciprocating piston type internal combustion engine 
as claimed in claims 1 and 7 wherein the numerical 
compression ratio is higher than the engine would be required 
to use and is higher than the engine could safely handle if 
allowed to fully aspirate and where this numerically high 
compression ratio is used to compensate for the deliberate 
partial filing of each cylinder. 

11. An internal combustion engine as claimed in any one of 
the claims 1 to 10 wherein a turbo-charger or super-charger 
is used to aid cylinder charging. 
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12. An internal combustion engine as claimed in any one of 
claims 1 to 11 wherein the smallest practical amount of air 
is used and compressed to the highest practical pressure 
before ignition with the smallest practical amount of fuel 
and to expand the product of combustion down to the lowest 
practical pressure before exhausting the exhaust charge from 
each cylinder. 

13. An internal combustion engine as claimed in any one of 
claims 1 to 11 wherein the intake air or charge is 
deliberately restricted so as to prevent detonation during 
combustion , due to a high compression ratio. 

14. An internal combustion engine as claimed in any one of 
claims 1 to 11 wherein the intake charge or air is 
deliberately restricted to prevent pre-ignition due to a very 
high compression ratio, 

15. An internal combustion engine as claimed in any one of 
claims 1 to 11 wherein the intake charge or air is 
deliberately restricted to prevent the compression 
temperature from reaching an excessively high temperature 
prior to ignition, due to a high compression ratio. 

16. A reciprocating piston type internal combustion engine 
as claimed in claim 1 wherein either all or some of the 
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valves are controlled by electronic devices so as to activate 
then and vary their operational timing, 

17. A reciprocating piston type internal combustion engine 
as claimed in claim 1 in which the electronic device is a 
solenoid fitted to assist valve closure. 

18. A reciprocating piston type internal combustion 
as claimed in claim 1 in which the electronic device 
solenoid fitted to assist valve opening. 

19. A reciprocating piston type internal combustion engine 
as claimed in claim 1 in which the electronic device is a 
solenoid fitted to assist opening and closing. 

20. A four stroke reciprocating piston type internal 
combustion engine using a turbo-charger and super-charger in 
combination and in which engine the inlet valves are closed 
before the end of the induction stroke. 

21. A reciprocating piston type internal combustion engine 
as claimed in claim 20 in which all or some of the inlet 
valves have variable timing according to claim 1. 

22. A reciprocating piston type internal combustion engine 
as claimed in claims 1, 16, 20 or 21 in which all or some of 
the inlet valves are held open until after the end of the 
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induction stroke at slow starting speed, and said valves are 
closed while a piston is returning on the early stages of a 
compression stroke, this action being to facilitate cylinder 
filling with intake charge at slow starting or cranking 
speeds, after which the valve action returns to that defined 
in claims 1. 16, 20 or 21. 
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